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LOSSES IN SPEECH PRODlETlofl
One way in which the acoustic block of an articulatory synthesiser can be
improved is by better modelling of losses. mergy is lost from the vocal tractby the following processes:

radiation of sound from the mouth and nostrils. also radiation from the
walls;
vibration of the yielding walls of the head. neck and chest;
heat conduction through the walls:
viscous losses at the walls:
turbulent as well as viscous losses in the glottis; also in severe
constrictions of the vocal tract:
losses in the subglottel airways.

When the vocal tract acoustic system is modelled as one-dimensional waves onelectrical transnission lines. viscous losses are represented as seriesresistances. heat conduction as shunt resistances and wall vibration and
radiation as shunt impedances. Mouth radiation impedance is represented byappropriate termination of the line. Glottal losses can be related to a vocalfold model (1). he method of reflection coefficients (2). used by us. isfaster—to compute but assumes that pressure and volune velocity remain inphase. It does not model the formant frequency shifts and losses due toradiation impedance and losses within each vocal tract section: however.methods of doing so have been proposed (3). Many of the loss parameters arefrequency dependent. but a single value for each must be selected in
time—domain simulations. This limitation applies whichever method is employedin an articulatory synthesiser.

mr modelling has demonstrated that some. at least. of these losses must besimulated in order to achieve formant bandwidths similar to those of realspeech. Viscous and heat losses may reasonably be neglected in a simplified
acoustic model. They are apparently small compared with other types of losses,being much lessthan glottal and wall losses at low frequencies and much lessthan glottal and radiation losses at high Frequencies (1). Radiation loss isproportional to frequency squared up to about 3 kHz for vowels other than thosewith a very large lip outlet area. Increased radiation loss should lowerformant frequencies. The main effect of Hall losses is seen at low
frequencies: increased loss should raise first formant frequencies: theeffect is expected to be' noticeable in [¢]—type vowels especially. Increasedglottal losses should raise formant frequencies. Increased losses during largeglottis - occluded vocal tract portions were found to be essential: otherwise.the pressure wave trapped in the vocal tract took too long to decay during asimulated [s]. It seemed worthwhile to attempt a fairly sophisticatedrepresentation of glottal losses.

LARYNGEAL PRMBSES
The larynx is an important element of the articulatory. eerodynmic andacoustic blocks of the model (u). Consistency across these stages of speech
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production is sought. within each block the aim is to simulate different

speaker types iihile conforming to the physical constraints of the system. file

larynx is assumed to contain two independent. articulatory actions: abduction

and adduction of the vocal folds for the control of glottal area E; tensing

of the vocal foldsas a factor, called 7.7. in fundamental frequency control.

Aerodynamic conditions at the glottis are determined by the changing state of

the whole respiratory system. Subglottal air pressure Ps—g. oral air pressure

PE and volume velocity of airflow throughthe glottis TE are obtained. Here. a

variable W is the slowly changing 'd-c' component of the total. Hhile Vx‘ is

the rapidly changing acoustic 'a-c' component and Vx is the total time varying

hanction. Lg‘ is the voice source in the acoustic block. It is the short

circuit volune velocity. not the true volume velocity dependent upon the Vocal

tract filter function. [3' is derived from a functional model of the larynx.

Its waveform parameters are those of Font (5). Parameter values depend on

three controlling variables: transglottal pressure drop (PE — FE) . glottal

area E and vocal fold tension F. I,

It is predicted that the glottal contribution to formant bandwidths is

approximated by W1<gl) = c1.

2.1T .k.lu.Vc

assuming a Helmholtz resonator. or twice this. for all formants. if the vocal

tract is modelled as a tube (6). Vc is the volume of the cavity above the

glottis and k (= 0.875) is an anpirical constant. c is the velocity of sound

in the vocal tract. The expression for glottal differential signal resistance

assumes that turbulent losses dominate. although viscous losses are included

also in the aerodynamic block of the model.

In the reflected pressure wave model of vocal tractacoustics. glottal losses

are included by making the reflection coefficient flag. at the glottal end of

the first section. less than 1. Similarly the reflection coefficient Rom at

the mouth termination is made greater than -1 (IROml< 1) for simulation of

radiation losses. Increased glottal area 13 results in increased losses at

the glottis since RCg is a function of E, vizz— BEg = a

(E)Ix

a and R are constants chosen such that at A5 = 0.05 ('nomal' phonation value) .

an = RCg1 and at Ag = 0.15 ('breathy' voicing). RC3 = RCgZ. flcg1 and RCgZ are

parameters whose values may be changed. but which are generally 0.8 and 0.5

respectively. An upper limit for RCg is specified. usually 0.8, as a

representation of glottal losses during a voicing cycle when the vocal folds

are tightly adducted.

A STUDY OF BANWIDTHS [SING THE MODEL

To investigate the influence of cavity volune Vc upon losses in the model the

vocal tract shapes. as shown in Figure 1. were compared. With the aim of

ensuring that equal fractions of the pressure Have werereflected at the exit

of the larynx tube in both cases. the ratio of larynx tube cross-section area

to malimu'n cross-section area in the cavity "was made 0.25 in each case. The

area ratios were not equal at the {guard outlet of the pharynx cavity, since

tongue constriction area was 0.5 an in both cases. Formant h‘equencies and

auditory quality were appropriate for [‘1]. F2 was too low in frequency for [i]

and the auditory quality was not good. A suitable voice source was used for

Judging vowel quality.
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distance from the glottis—>cm
Figure 1 Two contrasting Vocal tract area functions

A sine(x)/1 source. flat to within ol—OJS dB up to 5 kHz. was used; the
radiation block of the model was omitted. Thus the vocal tract transfer
function was studied. We values for R65. 0.8 and 0.". were combined with two
values for RCm. -0.8 and -0.‘J. Peak frequencies and bandwidths, defined as
3 dB down from the peak. were computed from an FFT program with a Hanning
window. Results. interpreting spectral peaks as specific poles of a vowel-like
vocal tract. are given in Table 1.

Table 1 Frequencies and bandwidths for poles of the vocal tract transfer
mnctlon as vocal tract shape. glottal losses and mouth losses are changed.
Frequencies in Hz to the nearest 5 Hz.
' means that a peak or one of the 3 dB down points could not be detected.

glotal mouth 2 P3
loss) loss) (W2 3) (Elli)

)E
| (100) (135)

I('15) (110) (285) (160)
7 5 1100 350 4395 220 15 3780 ‘JO

-O.‘4 7‘45 "MO 1990 3895 I5395as
The estimated accuracy of frequency measurenent was +/—6 Hz approximately.
Bandwidth measures seem more likely to be susceptible to error, since absence
of a sample at the true peak could significantly alter the 3 dB dohn points.

In most cases increased losses at the glottis or mouth resulted in increased
bandwidths. awe and BI} for [i] were almost independent of mouth losses while
513 for [I] was almost independent of glottal losses. under comparable loss
conditions. I?“ was always greater for the [ml-type vocal tract than for the
[i] shape. as expected. W2 and W3 were greater for [a] in some cases and
greater for [i] in others. BHU was always greater for [1] than for Cal.

Glottal and other contributions to formant bandwidths have been assessed 
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separately using time dmain (1) or h-equency dmaln (1) transmission line

models. wantitative cunparisons are difficult to make, partly because vocal

tract lengths and shapes differ. 9:11 for [i] and [u] in Table 1 are both

slightly higher than corresponding contributions of glottal loss alone shown by

Flanagan et al.I Figure 5 (1). 911. 312 and Bd3 for [i] in Table 1 are lower

than values given by Hakita and Fant. Table lI-A-IV. where the subglottal

system is included (7). mta from real speech are included in each of these

studies: by tunn (B) and by Fujimura and Lindqvist (7). Table 2 summarises

the trends in formant bandwidths.

Table 2 Bandu'ldths of spectral peaks in the model compared with real speech

data. Formant Frequencies refer to the model. Frequencies are in Hz.

_A_ > _equency an vowe p

730 [a] 1200 [0-] 1980 [1] 3300 [‘1']
W2 W2 5H3
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Fujlmura (1)
and Lindqvist:
mean for females
mean for males
Flanagan et al (1)
total. Figure ‘1

“skits and Fant 7
Table Il-A-IV

closed glottia
Table II—AvVI

large glottis
Ag : 0.16 an
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n51 232 69 93

The range in these - and other - studies is so wide that precise guidelines for

the modelling are not apparent. It seems that the modelled bandwidths are of

the right order of magnitude. bosses introduced near to the middle of the

vocal tract are expected to have less influence on bandwidths (7). Table 3

confirms the snail effect of increasing the losses through a small opening of

the velapharyngeal port.

      
    
  
  

    

 

Table 3 The effect on bandwidths of doubling the velopharyngeal port area Av.

RCg = 0.8. Rem = -0 s to the nearest 5 Hz.

A P1 P2 P P 2 ' ‘Imam
395 2 0 ' 0 110In was

“fitness;
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CYCLICAL VARIATIONS IN QOTTAL DAMPING
Variations in glottal damping during the voice cycle are important:
oscillations need to decay before the next time of excitation of the vocal
tract resonances. The pattern of decay may be a characteristic of different
speaker types. As a first step to making the cyclical variations in glottal
leases consistent with the cyclical variations in conditions at the glottis. an
a-c component of glottal area. Ag' was obtained fi‘om the voice acoustic source
lg' as follows:

“'=1%"“'
This mapping does not take into account the difference between the shapes of
the glottal area and glottal airflow curves, specifically the greater asymmetry
in [3' due to inertance in and above the glottis. Ag and Ag' were combined in
three ways to give a total glottal area function Ag:

(“Ag Ag' +E

(2) A5 = H.Ag‘ + name
where u = VOlA/maxtvola) and VOIA is the envelope of {3' .

13) A: = E . (Ug‘ - VOIA/2)
a

slight changes in some bandwidths were apparent on spectrograms: more detailed
studies of single formant decay during the voice cycle ranain to be made. The
last two lines in Table 2 (7) suggest the kind of bandwidth magnitude swings
which may be needed.
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